General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 









Prepared for the 

National Aeronautics and Space Administration 
Washington, D.C. 

Grant No. NGR 36-008-093 
OSURF Project No. 2514 


Reports of the Department of Geodetic Science 
Report No. 228 


THE OSU 275 SYSTEM OF 
SATELLITE TRACKING STATION 
COORDINATES 


Ivan I. Mueller and Muneendra Kumar 


o ♦ * . 

• 3) ^ 

-J rf 1 J) B 

Jt Ti ^ - 

■* t 

3 m O 
3 H 3 
f*- t 

< -* 

• -) -* 

1 O 
d • 3 
3 3 3 
* « 

0 -» ”* 

01 -1 
3 

T -i 
r J) rs 

•-J 1 j 

rl r» 

3 J 3 

3 3 3 

i. r 
oi to 
f -J 
h- .3 n 
O O 
3 't 3 
— 3 < 

»H Jt 
o! -J 
-o o' *3 
-J < 
O '0 
liltl '3 "3 

-• =C — » 

T *5 



Reports of the Department of Geodetic Science 
Report No. 228 


THE OSU 275 SYSTEM OF 
SATELLITE TRACKING STATION COORDINATES 


by 

Ivan I. Mueller and Muneendra Kumar 


Prepared for the 

National Aeronautics and Space Administration 
Washington, D.C. 

Grant No. NCR 36-008-093 
OSURF Project No. 2514 


The Ohio State University 
Research Foundation 
Columbus, Ohio 43212 


August 1975 



PRE FACE 

This project is under the supervision of Professor Ivan I. Mueller, Depart- 
ment of Geodetic Science, The Ohio State University and under the technical direction 
of Mr. Jamer P. Murphy, Special Programs, Office of Applications, Code ES, NASA 
Headquarters, Washington, D.C. The contract is administered by the Office of Uni- 
versity Affairs, NASA, Washington, D. C. 20546. 


i 



TABLE OF CONTENTS 


Page 

PREFACE I 

1. INTRODUCTION 1 

2. METHOD 1 

3. DATA USED 2 

3.1 Survey Information 2 

3.2 Survey Ties !) 

3.3 Transformation 13 

4. OSU275 PARAMETERS, ORIGIN AND ORIENTATION M 

4.1 OSU275 Geodetic and Geophysical Parameters 14 

4.2 Origin and Orientation 14 

5. CARTESIAN COORDINATES 15 

6. SYSTEMATIC DIFFERENCES WITH GLOBAL AND NON-CLOBAL 

GEODETIC SYSTEMS/DATUMS 20 

6.1 Transformation Parameters in Non-global Systems 21 

6.1.1 Molodensky's Model 21 

6.1.2 Veis's Model 21 

6.2 Transformation Aporoach and Results 23 

6.2.1 Global Reference Systems 23 

6.2.2 Non-global Geodetic Datum 23 

REFERENCES 2M 

iii 



1. INTRODUCTION 


The most extensive purely geometric solutions completed to date were |K*r- 
formed at the Department of Geodetic Science, The Ohio State University (OSU) 
[Mueller et al. , 1973 and Mueller, 197 la] . The solutions included some 100, 000 
observations from 158 sites: 36 SE COR stations, 49 BC-4, 21 PC-1000, 16 MOTS, 

23 SAO, 6 special camera stations and 6 C-Band radars. 

Subsequent to the above solutions, it was felt necessary to extend the scope 
of the WN14 system for better worldwide coverage. At present, numerous world 
satellite systems are available to a geodetic analyst, but all of these systems have 
limited coverage with their own individual origin, scale anti orientation. The most 
extensive effort to date is the Department of Defense World Geodetic System 1972 
[Seppelln, 1971]. A brief review of the methods and data used in the OSU 275 system 
is given here along with the summary of results. The system consists of 275 tracking 
stations . 

2. METHOD 

It was decided to base the OSU 275 systems of tracking station c jordinates on 
the previously published WN14 geometric solution for 158 ttations and to add further 
stations either by direct survey connections or by transformation from other satellite 
sys tern s . 

A total of 117 new stations were added in this manner. The new stations con- 
nected oy direct su *vey ties were designated by a subscript "C" and those obtained by 
transformation by "T"to distinguish them from th • original WN14 stations. 

The numbering system corresponds to the one in [NASA, 1973], where the sta- 
tions are also described in detail. The first digit indicates the type' of instrumentation 
at the site as follows: 1 — MOTS camera, 2 — Doppler site, 3 — PC-1000, 4 — 
C-Band radar, 5 — SECOR, 6 — BC-4 camera, 7 — special optical site, 8 — 
special camera and 9 — SAO optical/laser site. 


1 


3. DATA USED 


3. 1 Survey Information 

Survey information regarding the stations included in OSU 275 is summarized 
in Table 3.1-1, including the sources whi?h are listed in Table 3. 1-2. For a list 
of geodetic datums, the reader is referred to Tabsc 3. 1-3 [Mueller et ai., 1973]. 


Survey Information of Observation Stations 


¥ 


m Z 

0 

1 

\ 

u 

-4 

r-* w» 

#4 «• 

- 

ft* 

0» 

-• 

00 

•4 

— 

— 

— 

-4 

-X 

rx 

-4 

-• -X 

«« 

- 

ft. 

- 

-4 

•4 

m 00 

fx 

fs. 

•4 

•4 

ft 

ft 

00 

ft 

- 

ft* 

-4 

- 

rv 

mm 

00 

- 

00 

ft* 

IV 

- 

ft* 4 

• 


e 

$$ 

o o c 

O 

c e o a c c 

C 

c 

c c 





u 

ft 

« 

ft 

at * 

at 

ft 

ft' 

ar 

A 

• 

ft 

ar 

a 

or 

ft 

nr 

i» 

at 

ft 

X 

a 

a 

or 

or or 



4 

4 4 

ft 

4 

•i 

4 

4 

9 

9 

9 

4 

9 

9 

9 

o<; <; 

i- 

i- 

t». 


— 

**• 

M- M- 

4- 

M 

M. 

— < 

tx- 

Mi 

ft 

ft 




u- 

U 

u 

U. 

U 

M 

Mi 

u. 

ft M 

ft 

w 





















-x 







.. 

-* 




-. 

-1 

-X 



-X 




t 

r 

M* 4 

M* *' 

4 

ft 

ft 

ft 

ft 

fti 


•ft 

•ft 

•ft 

•ft 

•ft 

4 

4 4 

tT 

fti fti 

4 

4 

s 

ft 


ft 

r! 

ft- 

ft 

J 

2 

• 

ft 

? 

ft 

ft 

* 

• 

9 

?■ 

a 

ft 

ft 

i 

ft 

ft 

si 

£S 

1 

•4 

B f 1 f f f f 


f 


r 

» 

ft 


1 

•ft 

1 

to 

1 

- 

c 

• 

O 

1. 


| 

1 


F. 

5 B t 

ft •- 0 

I'd 

4* 

O 

U 

Sit 

1 

C 

O 

C 

O 

0 

£0 

i 


1 


ft. fts 


.«i 


ft •' * 


— 

c 

9 

-9 9 

i 


C 

9\ 

J 





f - 















ft 





• 

I 

ft 

L? “ 


fs. fs, r- r>. f* 


-> 

— * 

ft 

ft 

4. 

fti 4 


— fti 


















•- 

M> 





ft l 

M* 

- 1 

• 

• • 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• • 

• 


• 

• 


• 

• • 

• 

• 

• 

• 

0 

• 

• 

a 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 1 

j -r 

t~ 


— *— 


•• 

— 

— 

-4 

ft. 

-4 

— 

ft 

— 

ix 

— 



c 

4 

c 





ft. «r 














4 

4 





9 1 






— — 

• — 

_ 


__ 






-,- 

r 



-x 


, 



























5 

4 — 
ft *. 

H c 
<r < 

5 

c 

?.gs 

® ft 

■ft ft. 

9» 

4 

ft 

r C 
IV 4 

s 

O 

ft 

if 

C 

4 

s 

ft. 

C 9* C 
c 49 


ft 

ft* 

4 

ft 

ss 

c 

e t 

r* 

9 

Mi 

2 

ft C 
• 

f 

c 

a 

C 

4 


e 

fx 

r 

ft. 

1 

S£ 1 

• *> 

k 

£ 



ft 

:£ 

•s 4 

ft. 

»V ft’ 

4 

J 


0 

1- 

IV 

JS 

4 

ft 

9 

V 

x. 

ft 

ft -• 

-X 

ft* 

w 

IX 

i 

Ms © 

9 


0 

ft 1 




ft 



• > 



ft. %. 

9 

IV ft 

^ « 

4 

• 


s 

ft- 

c 

9 

ft. 

• 

4 


9 

ft' V 


9 

9 

-X 

9 

a 


-X 


ft 4 

V 

• 

a 



4 

4 

- r • 





-• ft* 

ft 


ft 





»v a 

4 


9 

ft ft 

ft* 






9* 



ft. IX 

-X 


M- 













f. • 

l 




ft 











_ 


•4 












-X 


_ 

*" 













1 

1 

fc 

ft 

• « 

IT * 

ft> -ft 

ft C 

r 

-9 

9 

< 


tft 


9 

ft 

O fti 4 

o c 

• 


ft IV C 

© c 

Cm 

ft. c 

fx 4 

M* m 9 

C 


IV 

4 C 

t 

IV ft. 4 fx i 

l 


• 


• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• • 

• 

X 

• 

• 

• 

• 

• 

• 


• 

• 

• 

x 


• 

X 

X 

• 

X 

• . 1 

1 m 

z 

a 

o c 


f- 

c 

4 


« 

C 

— 

4 

9 

4 f* 

IV 0 C 

• 

9 

4 

m> 

4. 

C V - 

ft 

ft Vi 9 

f 

ft 

a 

9 

00 

ft- c 

< 

a 

ft 

•X 



ft 

4 ft* — • 

! " 

• 

1 

f. rv a 

-* 4 

ft 

$ 

- 

ft 

c 

<■ 

f. 

< 


7 

ft 

C 

c 

ft 

ft 

W: 

9 

ft. 

9 

ft 

-• 

4 


ft 

fti 9 
Mi 


l 

9 

Ml 

0 *> 

I. — 

9 

m 

Mi 


~ 

rx 

•4 


« 

• 

M 




M 

" K * i 

1 u 

.M 



2i 



—4 









** 

-X 















ft 













l 

1 ft 

I 

w 

— — 

•» _ 

_ _ 


.. . 

. — 

mm 

_ 

mm 

— 

— 



• 


— 

— — 

— - 

- — 

_ 

— 

— 

— 

— — - 

- — 

_ 

_ 

— 



— - 

- «. 


mm 

— 


— 

•X. 


mm 

mm 

— 


1 

1 * 
i r 

• 


5 

4 4 fx 9 
NNN* 1 

N C 
C »" 

— 9 
r ft 

r 

< 

-4 

4. 

ti 

* 

c 

s? 

5 

? 

r < 
4 ft. 

Mi 

ft 

ft. 


C 

4 

O 

f- 

9 

?? 

l 

C © 
Mi ft- 


r 

C 

f* 

ft 

S 

4 

J 

© O 

C — 

£ 

c 

ft c c 0 

4 9 « 4 

? 

' e 1 

M 


NN C 

C 9 

9 

r- 


ft 

ft 

»ft 

00 

• 

ft' 

r 

c 

4 

r f. 

9 

9 

— X 

9 

C 

4 

9 4 

- 

ft 

4 

ftj ti 

c 

■4 

4 

4 

c 

ft 

4 

9 

a 

ft 

4 C 

9 

© 

C 9 I 

c 

S 

4 

4 fti 

•ft h 

ft 

IV 

ft 

ft 

f- 


4 

c 

—• 

c 

-X 

O 

O 

ft- 4 

IV 

? 

4 

9* 

9 

4 

ft • 

0 

ft 

© 

m 

c 

-X 


9- 

_ 


9 

ft 

C 

r. 

4 

ft 

« 

9 

9 

ft* ft 1 


f 

9 

-ft — 

ft 


iv 

4 

9 

IV 


4 

9 

— 

9 



-* ft. 

ft. 


ft. 


9 

9 




4 

- 

XX 

4 


-* 

4 

if 

9 

ft- 

9 

r. 

9 

ft. 

If 


9 9 1 

n 

ft 

-x 












































1 

C 

1 o 

ft 

4 « 

ft* ft' 

0 

< 

IV 

4 

0 

0 

a 

« 

f- 


»- 

r 

• 

0 ft- 

9 

•V 

9 

C 

ft 

ft 

C 0 

ft 

4 

c- 

4 

« 

4 

C 

ft 

9 

B 

4 

4 

ftS 

ft 

4 

9 

4 

-x 

9 

C 9 1 

O 

i! 

9 

4 

4 rx 

-ft 


4 



•ft 


ft. 





-X 

-X 

IV 

9 

-x 


-4 

00 

9 fx 

9 



-X 

Mi 


IV 

** 

ft. 

9 

ft 

Mi 

9 

ft* 

ft* 

9 

ft* 

fx 

4 

4 ft* 1 

1 u 


if 

fx «- 

4 — 

0 

ft 

ft 

f* 

ft. 

ft. 

9 

ft. 


c 

ft* 

ft 

ft 

r- r- 

ft. 

4 

ft. 

c 

c 

-* 

* 4 

fti 

ft. 

ft. 

- 

a 


a 

a 

9 

C 

4 

4 

9 

4 

4 

4 

rx 

r* 

fx 

«r © l 

l 

i 

4 

ft ft 

ft* a. 

• 

•# 

•V 

C 

— 

4. 

4> 


ft- 

9 

ft* 

9 

9 

9 ft 

— 


4 



9 

«. 4 

9 

* 

c 


M. 

« 

ft. 

a 

XL 

r- 

4 

—x 


4 

9 

9 

«• 

9 

ft 

ft M 1 

l 


fti 

is rx 

M fV 

N 

N 


ft 

ft. 

IV 

fti 

ft 

ft 

-X 

«V 



ft. 

04 


ft. 

ft. 

-x 

IV 

•" 

ft. 

IV 

ft. 

ft. 

9* 

ft. 


•* 

ft. 

-x 

"" 

ft 



ft. 


*"■ 


ft* 

fx IV 

• ► 

1 

O 

■u -• 

a — 

IS. 

ft 

IV 

4 


ft» 

c 

f 



4 

ft 

O 

C — 

4 

9 


c 

O 

Mi 

c 0 

© 

C 

c 

O 

f. 

c 

O 


9 

C 

O 

ft- 

C 

© 

9 

ft 

O 

C 

© 

e © 

t u 

i 

r* 

rx a 

ft ft. 

/ 

* 


ft 

ft. 

c 

•— 

•• 

O 


9 


ft Xi 

a 

9 

« 



ft. 9 

ft 



4 

rft 

Mi 


9 


0 

•V 

ft 

9 

9 

9 

ft* 

fx 

4 9 • 

j „ 

i ■ 

- 

<C <r 

O 4 

fx 

C 

ft 

r* 

ft* 

*9 

— 

4 

9 


9 

c 

fti 

ft C 

ft 

9 

-7 

9 

e 

4 

ft ft 

c 

4 

ft 

ft 

r 



© 

-i 

® 

O 

4 

rv 

9 

f* 

fti 

9 

O 

9 

ft -X | 

i 


& 

4 — 

o © 

fft 

■ 


9 

9 



ft 

4 

9* 

4 

ft* 

ft- 

9 4* 

O 

9 

9- 


r- 

at 

4 x. 

9 

vu 

4 

f 

f . 

ft 

4 

ft. 

-X 

ft 

r- 

?. 

ft. 


_ 

C. 

ft 

ft 

ft 

fti ft 

i « 

•# ^ 

ft- fx 

ft 


ft 

f4 

ft* 

IV 

9 

fti 


fti 


fs. 


9 


*"* 




ft* 

M< 

"* 


is. 

9 

00 

9 

9 


M* 

•• 

<v 

M* 


— 

4 

ft* 


ft. 


1 3 














































• 

i ►- 

ft 

4 ft. 

ft r- 

«. 


rv 

4 

ft. 

— 

•4 

ft 

ft. 

ft- 

IV 

C 


-X — « 

ft 

9 

ft* 

f- 

c 

ft. 

c c 

ft 

ft 

XX 

4 

00 

9 

4 

O 

-X 

ft 

ft 

4 

ft 

C 

« 

■X 

-X 

ft* 

4 


" 


N 

r*. (ft 

IV 1* 



ft 

4 

*< 


IV 

4 

—X 

fti 

— X 




Mi 

tft 


-X 

»v 

fti 

M 9 

fx 

00 

fti 




Mi 

ft. 

4 

rx 


ft. 

rv 

9 

4 

X-X 



9 

—x 1 

1 

1 


* 

a- ft 

- c 

r> 

ft 

ft 

ft- 

4 

a. 


4 

-> 


fti 

9 

9 

9 4i 

9 

9 

C 


9 

4 

ft 9 

ft. 

C 

— x 

IS 


9 

M> 

9 

ft 

rv 

9 


14 

9 

ft 

fx 

Qj 

IX 

«. 

fx ft 1 

i 

1 


(ft N 

ft* 

1 1 

ft 

1 


14 

1 

4 

•m 

<9 

•r\ 

< 


1 

fti 

1 

-X 

1 

1 

4 

ft. 

1 

fti 

4 

-X 

1 

ft 

1 1 


ft 

IV 

ft 

Mi 


IX 

1 

7 

4i 

1 

1 

-4 

fti 

1 

-x 

1 

1 

7 

fx 

1 

9. 

fti 9 

il 

c. 

■too 

4> -ft 


r- 

ft* 0 

0 

a 

4 0 

9 

4 9 

9i »i fti 9 

9 

4 

9 

0 

rv 9 

O fx 

(t a 

fti 4 

4 

9 

If. 

#v 9 

4 9 

4 9 

fx 

Mi 

• 

ft 

: 

« - 0 » 

i -« 

c 

_ 

H 

9 

4 

IV 


»V 

ft. 

ft. 

— 

*V 

ft. 


IV 

9 

9 

9 IV ft. 


ft. 

ft. 


fx 

— 9 

rv 

rv 

ft* 

fx 

-X 

ix 



fx 


9 


-X 

9 



fx 


1 

ix fx • 

• c. 

i 

i — 

u 

— _ 

_ _ 


mm 

• . 

_ 

_ 

— 


— 

— 

— 


— 

— 

— 


— 



— 

— 

— 

— 

— 

X. 

X. 

— 

mm 

— 


_• 

. — 


_ 

«• 

_ 

_ 

mm . 

_ 

• 


— 

— 

1 

i 

i 

• 

z 







































i 





• 

1 

i 

i 

i 

o 









•ft 





















1 









4 

-1 





1 

1 

1 z 

—X 

O 

2 




o 



£ 























4 






4. 

V 



ft 1 

1 


6 





a 


















0 





2 





5 





4 



or 1 

l o 

ft 

2 

o ^ 




D 

ft 


u. 






M 

u> 

u. 








u 



•ft 


3 



V* 






4 




4 tt . | 



< 

a * 



u* 

a 


ft 


c, 

>S) 




> 

> 

> 

»/» 

2 


•». 




.4 



ft 


C 





4 




1 

-X 

-i 

M. 



X V 1 

I M 

4 

X 

ui 

? r 


s 

S 

ft 

OJ 

i 

2 


-J 

? 


-i 

r 

T 

jr 

-x 

IT 

? 



c 

4 



c 

« 


4 

X 


O 

4 


4 


mJ 

Mi 




Mi 

.4 


4 

Mi 4 t 

ft J 1 


o 

W- 


* 

►- 

I 

c 

-* 

4 


4 

2 

4 

3 

4 

4 2 4 

ar 


?. 

4 


!? 

c 

2 

J 

X 

9 

e. 

or 

3£ 

2 


4 



4 


► 



M’ 1 



u 

m* 

u> c 

-ft 

*■ 

n 0. 

t 


a. 

4 


4 



41 

4 



*- 

►- 

-0 

4 

SJ 

4 

-X 

C 



Ui 



M 

M> 

4 

M. 

M. 

Ml 1 

1 4 

c 



r *- 

ft- 

ft 

4 


ac 

o 

ft- 

-r 

r 

c 

r 

4 

4 

- > 

T 

2 t- 

r 

D 

-1 

*.> *i. 

.1 

*- 

-X 


1 

4 

*- 

3 .M 

•J 

Ui 

Z 


U* 

u 

c. 

* 

“j 

O 

ft UI 1 



2 

4 

2?. 

F ~ 

ft* 

4 

ci 

/. 

• 

*- 

-4 

4 

• 

2 

4 

\n 

O 

l» 

at 

? 

* 

4 

4 

2 vi 

- r 

4 

a- 

4 

Vi 

-» 

* 

u. 

4 

i' 

> 4 

u 

D 


X 

4 

si 

4 

i/i 

4 

9 

P 

UI 

X 

u. 

4 

X 

4 

cr 

4 

M 

4 

S 

4 z 
3 4 

s9 

4 


O 2 ar 

— 4 u 

7? ! 



•fi 

a* u. 

* s3 4 O 

I 

ft u 

a. 

9 

u. 

X 

C 

or 

ft- 

ft 

►- V 

4 

U 

4 

4 

ft* 

9- 

.? ft 

ft 

4 

A 

JJ1 

ft 

ft 


C 

2 

ft 

O 

ft 

4 

0 

t 

ff 

ft 

u. a. 1 

1 




4 4 


O 


IV ft >9 

9N 

S 

ft* 

A. 14 <ft lx fti 4 

ft 

ft. 

i-9 

9 

ft 

• 

0 O 

C 

N O H 

M 


Mi 

ft 

ft* 

ft 

■- 

9 4ft 

IV fti 

9 

4 ft 

4 c 1 

1 

o 


ft ft. 

fft IV 

fft ft 

ft 

ft ft 

ift 

i«i 

ft 

ft. 

9 

9 

<X fx IX IV 



-4 



— ft. 

9 

0 

O O 



-4 


© © C* 

c 


-4 

fx 

ft* fx f. f. 

ft. ft* 1 

L 

r 


o o o c 

o © 

-ft —ft 

c 

COC 

C 

c 

o 

•4 

c 

-x 

c 

-x 

O 

•X 

= 


-X 

- 

fc R r c ® 8 

K & 

-X 

fs. 

ft* IV lx rv 

—x ft, ft ft ft ft ft 

rx ix iv r* rx fx rv 

ft ft ft ft ft ft ft 1 

fx fx fx ix IV rx f * 1 

i 


3 


Survey Information of Observation Stations 


asissaa ssasaSa sssssfg U s i * ? I s %tzza i 

srsiiis sittiti antu mim Siirrrv 7777777 7777777 
ZZlZZZZ £SLCCE£ CSiStfcF 2 S 8 E£££ £££**** ******* ******* 


i • 

1 s£ 2 &;'?; tssjss; iszzzit zizzza s*S 7 ?g£g *$S 2 ??£ 

«k | ••••••• ••••••• (•••••• •••«••• •••«••• ••••••• ••••••• 

9 I a ./ © 4 0 n. 0 0 4 **. ® ft ft 4 0 c 4 ® * 0 * i* » C »• Wi v ri ft 4 om ft 0 4 *• * © *. 4 4 4 • 0 « ft in •• n. *> 

» I 4 4 « 4 ft ft ft on rv. rx n» <7 c — — a — 4 N i 4 4 4 n n ft ft #* *. 0 ft 4 * ft *» 4 — «< ft) • ft 

I N • « N 9 H t < N ft »« ft * C ft O' 4 

••N N ** ft* ft* 


ft* c ft 0 0 C © • 4 i"o n» 4 


' C IT O C C ft r c ft 0 ft ft 0 4 IT C • C **C © 4 ft. © ft C ft ^<(y04 4 ll 


— ft — ft C N« 
1 tfW 4 ft m 


ft 4 fs 4 ** .N r, 4 .0 -* a N 4 C ► O •- C •' 

ft H H 4 *• 4 N N ^ fj 4 N N 4 4 4 ^ 

N 4 »*4 M 0 Ht h N 

•» N 


« C ► O »• C •* ft 4 ft * 4 ft O c C ft -4 < f' ft »■ » 4 ft 4 ^ iT 

* * 4 4 4 ft ft ft ft 4 0* ft 4 I f 4 ft < • • © •* 

H t h N m »• fti © ft ft ft 


C c ► r h C r 4 or> c c © 4 C 4 © c © c f f h 4 ^ 4»*cnoc w cc 4r n/» 4 4 nC no c 

n ■' «• ' C »- l\ 4 N N ► tf 1 » ^ ft* fti ft « ft ft ft 6 4 "Nl ft 4 « 4 (T •• P ft ^ * O 0' C ft ► 4 ft N *• 4> » 


* 0 ' ft ft 4 ^ r 

• ••••• # 

C 0 ft ft 4 0 < 

ft ft K ft 


4 4 4 f. N 4 C 4 C4 Wf C ri 


0 4 4 4 O' f- * < rv I 


1 0 4 o e 
. rN4 


. 044 m 0 « 

4 4 ^ ft 4 ■ 
inm**^ »• • 


0 C • ft — « ft ft . 

4 ft •* n n r r> « 

*044 < 0 4 N0» 


^ 0 0^0 0 4 4 

- - 4 N4 -4^0444 


a 0 4 r- ( 

4 N N »' I 
ft. — ft 


)• «4t 4 N N40C**««rt 
a o 0 n»- c c ft C ft r- ft 

iNNN«nf) 0 m N r N N N 


O C ft O 4 C © ft* 0 C O O C C © C O 0' © C C OC «4(».N4 0^0004 C C C 4 ft 4 ft C 

N 4 4 Mi 4 ft ft *n r, A. 4 ft 4 4 AJ 0 0 •>« ft. 0 ft 4 (». - 4 <•> N «. N mi « 4 <• ft 0 4 4 0 4 

4 4 P. n r w N 4 ft. C ft C ft ft - 4 « ft H 0 m 4 4 4 ► ir^c C 4 ft 4 0 4 IT ft 4 ft ft ft ft 4% 


0> 4 ft ft 0 O ft ® — 

4 4 4* 4 O 0 ft ft* 4 4 ft* 

ft ft ft 4» «N *• • 4 ft 0 


#^0 i«< C ft 0 0 ft ft 4 4 C 44 <0040 ft 4 4 »• 4 ft 0 ft 0* ft. ft. — ft* ft O «< 4.0 4^ C 4 ft 4 C 4' ‘ 

ft m ft ei 4 ft 0 v ft ft •• ft 4 ^ ft •# 4 ^ 4 4 •' 4 0 ' ft 01 m *% 0 ft m •- 4 #-<4 <% ft 0 . *n 0 0 ' 4ft' ft 

fi ^ft'ftih C r> *44*444 0 4 0 ft 4 4 C ft 4 4 ft 4 0 © 4 C 0 « 0 C ft 4 4 0 0 4 4 •- 0. 4 0 « 0 C 0 * 

4 ft IS# #* r\| ft HN4 N4 N«* ("•'O' M 4 4 0 O' « 4 — 4 O'* ft 4 ft ft 4 ft' ft' — ft 4 ft 

0 * 0 C ft 0 ft 4 Q 4 , C ft 4 ft> 4 O « it N 4 4 N A O' ft' C •> C ft ft IM 0 ft ft 0 ft Q ft •-• ft © 0 0 O' O' 4 O' O ft 0 

0 *n #« *n » m m 4 is ft #• in 4 m -<*04 P»rt ft ft 0 o.^oirto ft #• ft #* #■ «• ft ft in 

I ll III I I I I I I I I I I 


ft ft ft 4 ** 


l O' • 4 ~ 4 ft 


4 M m r# #- r# ft ft ft ft ft 4444 444 4 ft ft 







0 




© 

v> 


s 





ft 

g 


© 

Z 

4 

0 

V 


4 




10 

t k. 

z 

g 

0 

-1 

ft 


J 

•4 



Hi 

« 4 

4 

z 

V 

*/i 

a 


«o> 0 

-* 



or 

ft u. 

_* 4 

4 

4 

ft 

a . 

© 

ft 4 01 f 

ft 


0 

0 

4 on 

01 m 

-i 

a. 


a* vi 

z 

-0 «i 4 

O 


A 

^ 4 ► 

ft *r> 

ft vi 4 

VI 

T 

Vt 

a 

4 

-0 > -0 -» 

4 at 


ft 

c ** r 

O' ft 

9 A 

ft 

c 

5 

-1 C 

-1 

•4 4 «• « 0 V 

r 5 

4 

flt C 

C 7 4 

Ui 

O *4 4 


V» 

c 

4 ft C 0 

10 


4 > C > ~ 

► ftt 1 1* 3 

|H« ^0)40 
utJJtnojr 
Z ft X H 4 4 o 


0 u M 4 4 4 I l JO hft | tu Co 4 * »- or ►< '4 - Z C 

j>3c o*oi C ji «•< JZ o ^ 3 ^ Kflrt k-c J 

3 7 4 4 * 4 « * -• 4 T 4 4 O C -* 4 4 f. D 4 Ot J ► .' *• Ct 


C * I ?? 4 1 4 Ol 7 4 C 4 V »- B 
> « 4 CO — ► 4 3 « O Z »• 7 M 

u k r 3 a 4 t »o» 4‘C- 4 “> 7) a. 


3 u X h> 4 4 O 3744444 0 4 r 4 4 n r - 4 4 c. D 4 u* X ► «* •- C* u# u » T 2 . u B * v> 4 C 4 3 3 a. 

0 , (. K 0 I a 1 U 4 t 0 U A x M > ft 4 o 4 Z l/' * 0 . #* I 4 CO OJ vj VJ ©* 4 0 O 0 . 0 V. C W ► 2 ft 4 a «.*«'# 2 4 

0 N 4 0 4 H O' 0 © 4 ft O. O' N c, O 4 (« O' O' O 4 N h ft C •( 4 ► 0 n 4 O C 4 N 4 O' ^ M" 4 h t ► o, o ft I- 

i> vo 0 4 0 0 C c hnnkniih in *n m ft 4 0 / A | G w O. w w c w & t C — #n ft ft ft © i 0 « 

££t:;Ras rsukssr sssiiftss s s s s s s s. n.xi.x&i, 


4 



Survey Information of Observation Stations 


i N h ► N N N N ► 


S??* ...««« 

OCiN«**i. — 4 — % — • ******* ******* ******* * * * * * M 0 * n * u m 0 • 

«--•••• •••••• o coroooo core, o no ccrronq rorncop o ooc c c c 

l i i v j n ' t » * * ** O * J o u o j u J O O vj o o w w «i wuuwiwu J o O o w o u o w wu j wu o 

JUU| * * A *99**44- «*- M to- *»< 4* HM» « * WH.W *• tt> u to to* to- 4* iM » M. » • to to • IH b. » It »' tk » 

4 * 4 1 r- ^ 4 tt A * A m r V< 9 M (A M k' V< VI *9 V V to + 4‘ + + *' + + m tn mi 4- 4* **»>*'• to. 


* 2 ! 
r.iz i 
£ 1-1 


0 Orc«i4»ii« 9*0 <N 9 O C ► 

r C* *• 0 9 m 4 « n «i » « N ir •»> r* 

• ••••••• • ••«••« • •••••< 

• N< < 4 4 4 4* 44 N« 444 


L J ?SSSS?& 81 SUSS fi&JIS** S 72 cS 2 f JjSSfSP* ^SSTStjt* SJ£? 5 £t 

| I —| N «!*4 < 4 * NN^Nf 2 ^ t + 9 . + Zi* - * < c « " ^ n 4 ^ 


• « 9- « C 4 O / I 

•***1 it — 


' 9 to <4 4 *• 9 * 4 4 4 0> * * 9* 9- — toA 9 9 < 

P m\ 9 . gs ~ 0 . mm 4 c * — 4 mm + < 

4 N •“• w 


Iftl NOnc^CN o i - 4 ; a ( e*i«Cb»« 4 4* lr^ < CMivr o O C roc* *» •• 4 4 4 9 o» 

l — i ••••••• ••••«•• •••»••• ••• • * i ••••••• «•••••• ••*»••• 

* 12 1 *. C 0 9* «. 9, o * ~ C r- r o *44*****. C *. 4 • + * 4 *>4* 4 4 4 *. <•» — O *4*4. Ot« 

•9 j I h 9 4 9 4 4 N * *. N *• «* N ' « 9* ** to - <# N 4 4 »« « I 4*4' I • N C 9 *• 4 t r g\ mm mm *>4 4 

I • j * mm 4> mm mm 4% * 0 0 mm 4 *• N«* I # 

h< J i ** - *• 


1*1 

i-i 

i i m 

I c I 6 


* ssf$**i s, e .?ii ss* :r ssj??! ?ji: ?J 2 imis; rmisi £isj?s* 

•* ^ ^ ^ • < C n ^ ^ Vl *• *t <1 9J A IT O ^ N *»«ir IT N 4 9 C 4 r 4 9 m *• Wl V »J O 9 4 4 ^ N 


(CIO 

(oil 


I » I «. I 

i.isi 


i * ~> * 4 m * O 4 4 


4 ANN 

« C C "NNC 
« 4 N-ViN 


4 4 #* 4* r. 4 
« * O ~ 


4 or C 4 H9 « o C mm tr mm 


4«C j-^JtC if OC C9 OC 


* c mm m mm 4 m* * * 9 4 «r NV C C mm 4 * 0* m r 4 4 m n 

4 4 + 4 + *i + + + m* 4 mm *m 4> * 4> *> mm 4 + + + + + + 

9 9 9. C 4 4 4 9 IT 4 N4I 0 4(4^0 9 N»hA » N 

v r n o ^ — e 4 c r N nnv *<•* 4 w ^ ^ r . ix 


O f . * *• • 9 9+* 0 4 4 4 0. O 04 * 4 0* 04 + 

* + * 0t 9 * * 9 9 9 4<»9>4 4lfC«4- 

NN N Ann *t *m *m 0 m *4 mm 0 » N •• N r. 9» r 


49 N 9 N4 9 N 4 4 N »' 4 9> O N N r l» 9 9> 4 ( f 4 4 C 

nr n 4 n 4 a O r n 4 r » « 9 « 9 4 r. 9 4 o - f' 4 4 ' 4 

mm mm mm f* mm 0 \ 0 0 , tm N N N N + + ^ ^ — 


0*94**+ 9 C C C >«9 9 -• 9. 4 tf' 4 9 

9> 9MA N N flNNrf'irr 4> MMITN4 4 


. 4 C N If r C ON4 49 4« «M 9-M'. 


I r I 

I? £1 
(2 SI 


«OC «OOC OOC * 9 *»* 4 ~ + c + * mm 9 4C re < N4 f C C O C C O 9 C C O C 9. i 

4 O 4 i*' 1 9 M 4 9 «* 9 C C 9 mm 4 C 4 0m * 9 * t 4 » O 9* 9 O' 9. *4 9S •* 4 9 - 4 9 « 9 0 O m, % * 4 * • 

4 is V ► -4 0 C «9 9 4 * C 4 0 0 4 4 9 4 9. 4 4 4 *4—0 < «, n N r t 9 O 9* #n 9 C • 4 « f* N O 4 *■ N • 

• •••••• ••••••• ••••••• • • 1 ••• • 1 « • • 1 • ••••••• ••••••• 1 

4 9 * + 4 0 * * * * * 4 mm * 4>Nb9 4 4 9 9 C-A 4 4 C <T 4 « if 4 C N 4 N 1 1 ' 4 C 1 C 91 9 4 A 9 4 I 

M> 9> 9 4 N 4 4 4 0* 0 mm 0% f ~ 9 . 4 0 + it N 9. /I r H 9 . 4 4> 4 N M 4 4> 4 4 NH »N-N 4 i 




IT -« ■? 4 > 9 r-t gj 4 9. 9, 9 9 O «U 9 ~ 0% * 4 9i 4- 9 • 4 9 4 0m 0m + * * * + N 4 ft C 4> « 4 ^ f . »X N 0 9 9 I 

^ 4 91 A M N N 9 999|f 9l« 4 N « 91 « 9. mm mm mm 4S 9 91 4 * mm 0* 0, 0 0, mm mm I 

I I till till 


I 4 mm 0m 4 •* mm 04 


Cg * ( i 

2 * mis - , sf 

J J4 4 or * mm Q mm 

KM 0 9JJ * Z 4 C * U mm g 

Q * mm at mm + * >414. ► 4 ««44n m 

4 u. * d mi — — •« _i ^ « r * 4 r g jo « 

* r r •* 4 m* m* 4 . *4 * j ^ + * * * * ^00 9 + 4 a 


f. 5 

flf 4 t 


s 

14. 

mm 

* Uj o 

M *e 


4 r 7 - 4 ^ ^ ^ vh s u < 4 oo a of 4 / « r»c o 

* /CCM 4 C ^X 4^-4 J 4 0 *-4 — 1 4 r ^ ►- 4 9 / 

9> uflOt-4 ^ J " C [ . k- 49. I n O 9 1 r / c> V' ► -J Z +J J x D t m- mm It tg 4 -4^* 2*^ 

4i> / ►• 4 / flf U I f J J l It. G»> 4 U 4 H 4 J O 4 CM C ^ 9 4 «' O 4 I- ■ 4 If M j 4 * O 1 ) 1 j I 4 ( 

I It. 4 W»> 4 Of .Tf (T J Jf JT 9/flf (j of I 4 C V It, M » 40 * U 9- VJ «9 9- « T / t, V O ►- 4 . ? / T / 4 .9 4 

C 1 >m % + 0 <m 4 u. to 4 4 1 . X C 4 Cl 4 !» • 4 t . 4 J 4 4 4 X i 4 O to 4 O to 4 5 D ► f - T M C « 4 ‘ 4 H 

X o 2 a 4 or > e io i i i I d * *. * - o * « 9 O u n ) a jv.* 4 .*u i • a a 4 ^ «. u «*lwaO<tO 


HN9IO 
4 0 0 + 


mm mm 04 O C O 


C c O Q O < - rnm c * 0m + + * C *■ N « « C N 9N -MiA9'9 A O — + 44** 

to 9 4, 9 4. I C C * rnm ^ mm N N N N f« 4l 9l i- , ^ n (T 9 * «ttt>t4i«Nl4 ^ n 91 f. 9 9. I 


« 9 9 O** i C NNNI N9C f. 4 4 ► N N N 9* 9^ ** K 9* 9» 9- 9 9 9 9 999 9900099 9009990 

9 ” 4 4 4 4 4 4 4 4 4 + 4 4> + 4 + + + m + .’< + m~ + + + ms + 4 4 + 4* + + + + + 4s + 4 4' m 4 4 4 m> 


5 


Table 3.1-1 (Cont'd) 

Survey Information of Observation Stations 



6 


Survey Information of Observation Stations 


ft 

i I 


e r 
v t 


e c c © «* < 

4 4*441. 

Itstttl 
Zl Uf fS 


o 

»« • • 


♦ c 

* * 


if r 


2 

It rssIT 
rsut :r 


^ t s < 

*4. *. - irr 

* *> w •' *j » « 

« « to « (^ U w 

W -to -to .to _i V 4 


* • i ft 

9 <4 • ft • • ft 

i to • • • • * to 

W .T to to 1 < * 


f Y f f f 

to i. 


r f 

• • 


T f T f T T T 

*> to toft •> ft *. 


« 7 

S ^4 ■ 

fr 


i •••.•■ ** to* to 
to - « .« < to 


F* < 

*• ft 

I • • 

ft ft O ****** *4 C 


* r 

B. •* 


Oft ff • ■ O to 


« <• to to* ~ * 

» ■ * to- to to' 
-4 U * 

K 


- < *: © f • if < ©f iC Nto ^ # ft > to C g N to C to^ ft r o - c to* ft * c O * C to C C ft 

• • to to w - to N J 9 • 4 * ft - < - F* to 4. U to to to to to - to. to to* C> . to * ft * ft -4 * # 

■ ‘ * ... ^ * * - * ‘ • • - ‘ ~ - - - - 

e • 

s = 


I 


• to ft to *« to to r> 4 m. C 4 to. 

*»* to *> to. ft ft »* ft 4 . to •' to* 

► Nto 


to- to ^ to to to to 

*> c ^ to n r 

ft«ifti( 


• to to < ► *. *• 

• to to * to N to 

4 to •• 4 4 


to to * o to *• 94 

toft K to N *• « 

to — 9 4 4% 

»* * 4 «ft** 


4 C ** • ft 


I 

u 


to to (4 to N to to 




Oft 4 to to to 4 
******* 
to* to ft ii« to to* to 
£ •• to* to* toft to 


C 4 to # ft 4 to 
to. * ft • to to 


4 to to »• C r. ft 


ft 4 toft «*•»• *4*.*. t c *• 4 


O 4 • to o -> 

os' r 


-- ft • • to „ . 

to to I to r* • i 

d - to to . 

*4 ft to* I 


ft .*><•♦ ft * o 

N 4 *■ 4 N *' * 
I to, ft* to to* to 
4 C to • *. 


SIff? s IS 

to* 

« - ^ c • to to to to ft •• to to, ir ft •*« to oc to. « • r r n o c OF • c « r ftf 4 r « « c r r r 4 

to 4 ^ ft ft to •• F > to to * ** * ft 4 to ft *4 O • *. 4 *i*. 9 ft ft C *• r • »* ft* *• / 0 ft ****to ft C to * * V *- 

ft* to C «- to — C- "C ft* • ft < 4 F» to to* • 4 «r ft-fttoCtofsto #* to ft #* «r to — 0 to C ft ft to to O ft F C * ft € 


• •••••• 


to — r* ~* « — — 


• • • • 

to. ft* to ft to- < *. to ft' to to • 

*4 *• *. ft) to N ** to to to. s < 






1 to to to * to* ft ft to I 


f » c ft cc : 

»4 ft to to ft. - 


ft' C 0 C *. to to 


to to — 9 0 to ft.Otototo»to»4 r* «. to 4 f* 1 W to to ft- r* ft- c — 4 to to 0 4 0 

ft •• N to to to •> to ft. ft. to •• *• to to ft ft. to to ft ft ft IT ft to ft 

N - ft. to ^ f f to r ft F F F to # ft ft to ft ft ft- ft to F* 4 ft ft N f ft N ft 4 to ft to to • 
to 4 4 4 to to ■* IT 4 9 »*. ft 4 4- ft ft ft t. *. * *4 N C to' toi | r * to to to to 0 

NNftNNNN F* 4i F* e* ft 4. 4. M IM N N N •• ft N ft ft ft. ft* m ft *. IN 


~ to to ft to • to 

• ft- 9 c to ft. ft 

ft* r« 4 . ft. ft. - 


to ft ft 4 to » to 4 4 ft* ft 4 to 4 ft ft a C O F to O ft C O U t C U 4 to F ft ft C C ** C * C to ft N N to O b C 4 

F C to % N •■ *• N ft r* N C 4 to * r to ft ft •* tf to « * I - to F . » * to to / 4 ft ► ft j ** « *, i* w ft r, *. 

to to to C to ft* C C 4 to ft F ft »• -4ft to 9 ft ft to *. C .-. ft. 4» to ft ^ 4 l" *••< ft * to Nftf to C** F to Nto i to 19 

Oft to ft F C 

— — *•> to 


to *• to •> to « ift 
to «H V to to ft* 

ft. *4 4. |4 .* «\ ft 
ft. ft ift ftl *■ 

to to 4 C ft« to 
Ift to ft* •> ft ft' 


4 ft IT to 9 ft. * 


« to -ft ft- c. ft* to 
to to to to ift 


to to 4 to to. 4 to* 


to to 4. f* f* 


r, ft. to •• »» ftft 


ft to ft C -4 ft* «. 
to ft. to ft. ft. o' 

I I • 


to Nft ft NftC 
N*.ftft ft to. 

to ~ 4 ft. •• ft to. 


ft* ft — C *4 *• — 

M^«r<ft«ftft*e 

I I I 


? It 


ft* ft. ft* ft* ft* ft. ft* ft. r* ft* i 


• .« f> 4 H < 


— to -* to — to ft. to « 


to 

-t 

•4 M. 

gs 

r to o to - 

I VFMto * 4 

5°.? I 

o ►- to r * **. 

*. »« *• ^ i . 

or to 4 . f u. to ftr 


ft- ft to 

j toe 

«b to •*• > or or 
-* - c *r. to •• •*■ 

u. . f. * to ft- ft 

> U J u. ft -* •* 

.» • J w (* ft 1 ^ 


4 -F * 

cr • ► C i» v* > 

ft 4 . cr ft a 9 « 

ft *• 5 » to. .* t» to 

-• •• fi 4 “ ft to 

«* 0 c ^ «* > -I Y 
w - r * * 
*> •> to» to 6 » *-# 


S i 
rr 

or — u 

4 to I 

4 Jl 

ft* X ft 


C * to 

r'i; 


•5 m -i 3 a 9 -i 

• ft ( *-►.* 

1 • ft-, ft I N » 


fc* 

> 95 *. 

o to r ^ 

t / i 4 

4 Oft 4 

:* ft 

* C to ft m to 

sss-rsrs 


x 

ft 

ft 

6 


to to « to 

ft to or ft 4 

to to •*. — ►* 

to •*. ft C. *4 s to 

«*. 9 ► .* r» *r 

-• r to to — w —4 

-j o to r *4 * i 

O X to ft X to •* 


ft to ft 

g ;•£ 

J 4 w 

e r to. 

C ar C X ft to 

toft to to 

b. ft to ft to ^ 

*» *4 -J ** to U > 

u i > i # c • 


oi 

ttts,; s 7 

to t toft 9 -• ** 

i . - * to ft ft 

to to *•• to, ft • 0 

ft ft ft r- ft ft ft 

0 4 ... F* 9 C — 

C 4 .. 4 C — — 

St?. 3 iRS 

tztfiilt 

t 

" ! 

5? 9 


MMUI 

f: 1 1 it £ S 8 

O © r- « U | 


c 

to 


7 




Survey Information of Observation Stations 


TffTJIg 


e e * r r e x 
♦ » i * 


rpHui m .— »« 

• * * w H *• **' 

3 *»••©• • • ••»»,*** t/y * 

/ r «r «ft *r * a * «* mm 
«<i IN4. ft » JWW J J 


k . 


r * 1 

? SI 
2 LI 


tSU.'SS i?RSSfS fSSSSSt fVfSJfL SS 

• •••••• i > i • i i • ••••••• ••••••• • • 

« o • # 4 •« <« r ► 4 i 4 / / if « i *<c « * »r 4 .<* 

ft 4 IN t ft < ( * ft ft # « f- 4 4 4 ft # 4 - 4 4 ^ • 4 ^ 

♦ 4 # M •- •* 4 * ft • H( 9 c (ft ft # * ► « 4 ' 4 f •« 

f* *■ m tm *•—****#'* 


i ri 

k s 


• 4 f. 4 # 

• •••••• 

• 4 ft •- ft ft * 

4 «. • ft ft ft ft 

• 4 4 ^ 


••* ® 4 « ft 4 ft © 

*••>••• 

• • 4 * e 4 • 

»• »« 4 ft ft •* 


- " i 

- j 

li 

c o * 

e I ! 


i - i 

i ft i 

> I 4. 

. : s 

3 i ~ 

I 14-1 


::?::??? sssis *? ????££? ;? 

4 . #N ft 4 r ft 4 ft «. 4 * #•» ** ft * » ft rs. ^ ft -• « 4 N MT M 4 • « <0 


m ft 4 #• ft 4 ft «. 4 * *•» 4 ft *r 
• ••••»• 

r 4 O « N 9 N i \ 4 »•« tr 

ft N # *• »• N ft ft •* 


ft' C C r 

ft 4 ^ft 


4'/NN 


** C ft C ^ C * 4 < 4 ^ r 4 # ft. ft ft — * «r «4 • 4 ft of* c « 

*•<**>* ft * «ft ft 4 * ft ft -• — * tft ft ft r. ft »* ft ft' » 

ft ft ft ft ft. ft ft K ft •» 9 N O C ftft*ft^*i*>*ft ft ft* IT ft* ft ft ft ft# 

#r> ** r ft 0 »* ft • NN ft 4 m 9 ^ ft # ft e ft ft 4 0 S N »• 4 N< 

^ >v fi N # N N N N — ft ft ft* m # ft ft ft* f» fti 


ft 4 > o < a. 4 4 c O 4 ' •# ft* C O C (t 4 4 ft ft ft C ft r < c O O t C 

t 4 ft ^ ft - ft ft ** *• • 4 $ c i 4 4< # ft 4 ft* *4 ft %•*'■. ft ft. S' 

4 ft ft © C 4 ft 0 ft ft 41 ft ft »• 0 4 * *. ft* 4 © « ft ft • C ft 4 m 

• •••••• »•••*•• »•••••• ••■•••• •• 

« 4 ft «. — * * C C ft r' w C 4 4 4 ft. 4 (* 0 ■. ~ ft S' # ft, S' ft « © 

4 ~ e — ft 4 # ft S' 4 4 * ft •• ft* *#> ft 4 — ft ft> S' ft* 4 

C ft 4 ft ft ft *• C ft* 4 4 ft ft 4 < I. r ft ift N 4 ft . ft ft 4* ft ft •» ft 4 

ft 4 S* S S ft» S 4 ft ^ 4 ft #N *« N N N ft N ft .N ft #. 4 IT 


S' S S* ft 

,1 


ft. O U r<* ft 4) -• 
ft. 4 4 fti ft ** fti 
I « I 


444ft. N ^MNft — 4. ft# ft. 


ft #r. • <ft r* C 4 ft < 4 fc - ft 4 i 
• * « I l ••••••• •• I 

> • 4 ft 4 ft 4 9 4 « C ft 4 N ft# 1 

cfEi ; { jp'.iiP * i i 


o , ►- 
- ! « 

- 1 ° 


• e 8 5 «• 5 c 

Uj i V V. J w. ft ft 

ift 4 S ft / v v. 

I ft ft a> ? C 4 i*. 4 

• o v i L -# • t i 

i I. 4 »• « r . , 4 r 

r*» i « u w *4 i t 


MtS -7 

# ft*-ft r / 

r *✓>*/> m 
4t[ CC*(if » 

il , j i it'SS 

jc -# o *> o a ►- 


ifiSiU *.* i ' r 7 ■'. £ ‘ r . sp ’ sus-j r 77 e £ E ?: its 

* SS?m SHJJJJ 4475757 5 S 7 WSJ J * 


8 


NOT , t 2 t*p in T * list M&IT ... innic . T . Tf.T Tw » MGIT IS UV «« r « rt , 



Table 3.1-2 

Summary of Source Information 


Code 

Source 

1 

[NASA, 1973] 

2 

[Anderle, 1972] 

3 

[Huber, 1971] 

4 

[NASA, 1969] 

5 

[CSC, 1972 and 1973] 

6 

[AGU, (»n press)] 

7 

[DMA, 1972] 


3.2 Survey Ties 

An extensive effort was nvdc to locate and select proper survey connections 
for use in OSU 275. In a number of cases two or more values were available f-om 
different sources in respect to survey tics. The criteria for retention/ selection for 
any Me were: 

(i) When two or more sources agree in value, and/or 

(ii) When the new coordinates so generated did rot give unusually large 
residuals in subsequent use in a coordinate transformation, vis-a-vis 
any other satellite system. 

In some cases no direct survey tic was available from the WN14 station, but 
only a secondary connection existed, i.e. , a new tie could be generated to another 
station which has already been tied to the WN14 station. A total of 78 new stations 
under category "C" could thus be included in the OSU 275 system and the survey ties 
are listed in Table 3.2-1 together with their respective sources. 
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Table 3.2-1 

Relative Position Survey Ties 


RELATIVE SURVEY TIES 


STATIONS 


80 

- 

9004 

1024 

- 

4946 

1024 

- 

9023 

1025 

- 

6009 

1031 

- 

6068 

1034 

- 

7034 

1037 

- 

1042 

1037 

- 

1126 

1038 

- 

6060 

1152 

- 

6032 

1152 

- 

7054 

2002 

- 

5915 

2017 

- 

2117 

2018 

- 

6001 

2019 

- 

6053 

2100 

- 

6011 

2115 

- 

4050 

2117 

- 

6022 

2203 

- 

7052 

2707 

- 

5933 

2708 

- 

P012 

2715 

- 

5935 

2717 

- 

6075 

2722 

- 

6055 

2723 

- 

6040 

2724 

- 

5410 

2726 

- 

5934 

2727 

- 

5713 


Au(m) 


17C3. 1C 


17214.40 
3 


333.98 

304146. 82 
47149.23 


2441.48 
3.15 
7191.06 
3 


3813*. 78 
355.44 
-62.16 
116.96 
31.52 
36.07 


Av(m) A-v(m) 


.29 


21681.19 I -51300.15 
543.25 
-4034.65 I -58089.50 


SOURCE 

COI1K 1 



403.74 

114911.72 

424142.27 


2991 .52 
-6.16 
1607.24 
-808.60 
180270.31 
-972.88 


336 . 56 


8280.54 
-2 



J BOO . 29 


60.2 
.85 


194901 .06 
676055.49 


5613.76 
1.81 
824 . 36 
.04 


83073.90 


3041 .46 


160 56 


1479.49 

1289.25 


.82 


10 


































Tabic 3.2-1 (cont'd) 
Relative Pasltion Survey Ties 


STATIONS 

RELATIVE SURVEY TIES 

SOURCE 

CODE 1 

Au(m) 

Av(m) 

Aw(m) 

2735 - 5648 

37794.23 

10456.14 

7451.23 

2 

2738 - 6003 

-4.04 

23.66 

22.05 

2 

2739 - 6004 

246.56 

850 01 

129.87 

2 

2742 - 6002 

6.17 

6.09 

14.48 

2 

2744 - 6023 

-35.68 

-29.80 

55 . 25 

2 

2803 - 5924 

-5.82 

1.55 

10.78 

2 

2805 - 6060 

3.08 

6.56 

-6.92 

2 

2809 - 6031 

22.84 

16S5.26 

297.85 

2 

2811 - 6011 

-1998.22 

23015.42 

10996.24 

2 

2812 - 6016 

5189.47 

- '0355.63 

-3019.82 

2 

2815 - 6008 

17.38 

6.38 

-16.93 

2 

2817 - 6015 

-7.84 

-1.15 

16.22 

2 

2818 - 6006 

8.86 

-12.78 

1.63 

2 

2822 - 6064 

12.07 

-13.64 

-23 . 78 

2 

2830 - 6065 

-36.29 

28 . 62 

27.32 

2 

2831 - 6038 

27.86 

-27 . 25 

-35 . 34 

2 

2837 - 6067 

-45.57 

-290.84 

1252.04 

1 

2847 - 6013 

3.13 

-38.26 

19.67 

2 

2849 - 5733 

-1.50 

-4.24 

0.11 

2 

2907 - 5923 

-1624.56 

5793.71 

-2552.70 

2 

4760 - 7039 

683. 19 

-706.64 

-1488.55 

1 

4840 - 4860 

2384.72 

-712.15 

-1659.94 

1 

4840 - 7052 

2425.94 

-685 . 65 

-1629.78 

1 

6002 - 7050 

94.58 

535 . 35 

600.04 

1 

6060 - 9741 

-772918.65 

-932773.88 

102026.67 

1 

7043 - 7052 

-13C836. 44 

50256.18 

100969 44 

1 
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STATIONS 

7043 - 7077 
7043 - 7078 
7054 - 7079 
7071 - 7072 
7071 - 7073 

7071 - 7074 

7072 - 0049 
8015 - 8815 
8804 - 9004 
9002 - 9751 

9002 - 9902 

9003 - 9023 
900? - 9741 

9004 - 9761 

9005 - 9025 
9007 - 9907 
9021 - 9921 
9029 - 9929 
9091 - 9930 
9425 - 9714 

9711 - 9714 

9712 - 9714 
9741 - 9742 
9761 - 9762 


Table 3.2-1 (cont'd) 
Relative Position Survey Ties 


RELATIVE SURVEY 

TIES 

SOURCE 
CODE 1 

Au(m) 

Av(m) 

Aw(m) 

652.96 

1711.12 

1877.55 

1 

-130867.81 

50025.49 

100693.86 

1 

415.40 

289 . 40 

192.03 

1 

-3.77 

-6.14 

-11.03 

1 

-10.26 

-6.95 

-9.09 

1 

-10.87 

-9.72 

-15.55 

1 

-4.96 

4.23 

12.71 

1 

-42.91 

15.88 

44.40 

1 

20.21 

-22.23 

-31 . 29 

1 

-29320.41 

48263.28 

-7062.21 

1 

0.16 

0.09 

-0.09 

1 

-6011.77 

17986.68 

27467.31 

1 

-5076.20 

18236.52 

26647 . 26 

1 

256350 70 

-194931.26 

-345204.51 

1 

-53256.10 

-10061.87 

-30387.14 

1 

to 

r-4 

O 

1 

0.45 

-0.18 

1 

-1.15 

-3.02 

-5.24 

1 

-0.24 

0.17 

0.03 

1 

-56.26 

17 . 70 

46.42 

1 

-96368.01 

16918.75 

-4201a . 65 

1 

2192.21 

-3736.79 

-3288.55 

1 

3178.70 

-10636.74 

-11423.51 

1 

482265.64 

1042434.19 

372403.59 

1 

2542.26 

9918.38 

-2023.26 

1 
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3.3 


Transformation 


The transfo> mat ion parameters used In obtaining satellite station coordinates 
in the OSU275 system arc given in Table 3.3-1. 


Table 3.3-1 

Transformation Parameters between various 
Satellite Systems and OSU 275 System 

(OSU 275 - Satellite System) 


■^^System 
Tr. Parameter'''-^ 

NWL-9I) 

BUM 

GSFC 73 

GEM6 

Au 

-18.49 

-12.36 

-15.48 

-15.42 

Av 

-7.67 

-13.82 

-20.42 

-12.09 

Aw 

3.53 

13.07 

-0 . 67 

-5.57 

A (MO 6 ) 

-0.28 

-0.93 

-1.09 

-0.95 


A total of 39 points were transformed using the above parameters in OSU 275. 
The distribution of these points in the respective satellite system from where they were 
transformed is given in Table 3.3-2. 


Table 3.3-2 

Distribution of Vransformed Stations 


System 

Stations Numbers 

Total 

NWL-9D 

2020, 2019, 2092, 2709, 2765 
2766, 2801, 2813, 2820, 2821 
2823, 2825, 2832, 2838, 2840 
2844 

16 

SE III 

7816, 7817, 7912, 9022, 9027 
9039. 9901 

7 

GSFC 73 

1035, 1036, 7809, 8820, 9050 

5 

GEM 6 

1028, 1043, 1122, 1123, 

1128, 2014, 2103, 2106, 2111 
2745, 7053 

11 
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4. OSU275 PARAMETERS, ORIGIN AND ORIENTATION 


4. 1 OSU 275 Geodetic and Geophysical Parameters 

In view of its basic dependence on the OSU geometric solution \VN 14 

[Mueller et al., 1973], the suggested geodetic and geophysical parameters are 

given in Table 4.1-1. . , , 

Table 4.1-1 

Geodetic and Geophysical Parameters 


Parameters 

Notation 

Magnitude 

Gravitational constant 

K Z M 

3.98600922 x 10 14 m 3 sec" z 

Second degree zonal 
harmonic 

Ja 

1082.6863 X 10' 6 

Angular velocity 

to 

0. 72921 151467 x 10T 4 rad sec 1 

flattening 

f 

1/298.25 

Equatorial normal 
gravity 

V, 

978. 03226 cm sec -2 

Geopotential on the 
geoid 

Wo 

6263688. 00 kg aim 

Equatorial semi- 
diamter 

a 

6378142 m 


4.2 Origin and Orientation 

The OSU 275 system is oriented towards the Zero Meridian (u axis) and the 
Conventional International Origin (w axis), both as defined by the Bureau International 
de l'Heure. The v axis forms a right handed system with the u and w, and together 
with the u axis defines the average geodetic equator. 

It should be remembered that the origin of the system is arbitrary, but its 
position with respect to the geocenter has been estimated from the comparison between 
the coordinates of collocated stations in OSU 275 and in the dynamic solutions . The 
suggested coordinates of the origin with respect to the geocenter are u 0 = 16 m, 
v 0 = 12m and w 0 = - 2m. 
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In n height analysis when the gcoid undulation (geodetic minus mean sea level 
heights) were compared with gravlmctrically determined ones, the rms tvs id uni was 
0.44m for OSU 275. 


5. CARTESIAN COORDINATES 


The Cartesian coordinates resulting from the survey ties and transformations 
based on the WN 14 solution are given in Table 5.1. 

Standard deviations of basic stations are retained from the WN 14 solution, 
while for "C" and "T" stations these have been cstin ited and rounded to the nearest 
meter. 

Table 5.1 

Cartesian Coordinates for OSU 275 Stations 
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Table 5.1 (Cont'd) 

Cartesian Coordinates for OSU275 Stations 
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Table 5. 1 (Cont'd) 

Cartesian Coordinates for OSU275 Stations 
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6. SYSTEMATIC DIFFERENCES WITH GLOBAL AND 
NON-GLOBAL GEODETIC SYSTEMS /DATUMS 

The mathematical model developed earlier [Kumar, 1972) deals primarily 
with the case when the two systems involved have "global" coverage [Badekas, 1909; 
Bursa, 1965 and Wolf, 1963) and is known after Bursa. However, if one of the 
systems involved in the coordinate transformation is "non-globnl" in coverage, e.g., 
a national datum, then a slightly different approach [Badekas, 1969] is necessary 
to obtain more realistic parameter estimates. 

The above distinction is essential as the rotations in a "non-global" case are 
to be considered about the origin (initial point) on the geodetic datum, rather than 
about the origin of the Cartesian coordinates, thus avoiding certain numerical and 
geomeiric problems [Mueller, 1975). These rotations may be about axes parallel 
to the Cartesian axes u, v, w (Molodensky's model) or about the axes pointing South, 
East and the ellipsoidal normal upwards at the initial point (Veis's model). It is also 
possible, in certain modes, to orient the geodetic datum through only om rotation 
(Vanicek and Wells' model) about the ellipsoidal normal upwards. 
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0.1 


Trans format ton Parameters tn Non -global Systems 


6.1.1 Molodensky's Model 


If U 0 , V 0 , W 0 are the rectangular coordinates of the initial point of thr geodetic 
datum UVW, then the transformation is given as [Badckas, 1969): 
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The rotations here are about a set of parallel axes to that of Bursa's Model 
and considered at the initial point. Farther, the above equation shows that for a 
global system (when Uq = V 0 W 0 0), Molodensky's Model would become identical 
to Bursa's. 


6,1.2 Vela's Model 

A somewhat more practical and realistic ap ) roach in the case of a non-global 
system is to consider the positive directions of ax»o aloog South, East and ellipsoidal 
normal upwards at the Initial point. The transformatlor here is given as [Badckas, 
1969): 
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The matrix M in the above equations is defined as: 
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where ((0 O , X 0 , h 0 ) are the geodetic coordinates of the initial point and 
rj, £, Of are the respective rotations about the above three axes. 

Farther, the three rotations rj , £ , a are related to the rotations r , 
and co of Bursa's and Molodensky's models as 
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Also, if Ea£t7 an ^ are the variance -covariance matrices in the two 

cases, then the principle of propagation of errors gives 
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The above relations (3) and (4) would then supply independent rotational constraints 
in Veis's model. 
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6.2 


Transformation Results 


The results of the seven parameter transformations for globul unit non- 
glohul systems are in the following tables. 

6.2.1 Global Reference System s 

The worldwide reference systems considered in this paocr arc: NWL9D 
(Anderlc, 1074a and 1974b|, SKIII [Gnposchkin, 1974), GEMb (Ltreh, etui., 1974), 
GSPt: 1 Marsh, etal., 1974b), NG8 [Schmid, 1974) and WNG72 [Seppel in, 19*4). The 
transformation results using Bursa's mo<k?l are given in Table 6.2. 1- 1. 

6.2.2 Non-global (ieodetlc Datum 

Only four mujor geodetic datums (Australian Natior.J, European I960, 

North American 1927 ami South American 1969, (NASA, 1979) ) are available .»dth 
sufficient suitable common points for parametric transformations. 

Tables 6. 2. 2-1 and 6. 2. 2-2 give the transformation parameters for the 
above four datums, respectively, la the case of Moloilcnsky's olid Vein's models. 

Table 6.2. 2-3 lists the transforms* ion parameters (Molodenskv's model) 
in each case for other geodetic datums. A special mention may be necessary hero 
regarding transformation parameters for the Indian Dutum. It became possible for 
the first time to trace back a second station at CIUANG MAI (Thailand) on the 
Everest ellipsoid (DMA, 1975) and thereby making it possible also to gain some 
feeling about the reliability of transformation parameters obtained earlier 
[Mueller, et al., 1973). In addition to the results in Table 6.2. 2-3, s* four parameter 
solution for the Indian Datum gave the following results: 

DU * 141.5 ± 13.0 

DV -741.1 a 5.0 

DW - 258.2 i 6.0 

DL (* 10* ) 3.40 t 6.40. 
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Table 6.2.2- 



Relationships between vaiious Geodetic Datums 
and the OSU 275 System (Datum - OSU 275) 



-16m, -12m AND *2m. 



Tabic 6. 2. 2-3 


Relationships between various Geodetic Systems or Datums 
and the OSU 275 System patum - OSU 275) 


DATUM 

NO. 

DATUM NAMf NO. 06 DUIM) 

STATIONS 


DVCM1 

0WIM1 

1 

AOXNOAN (ETHIOPIA) 
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7.9 

21*01 

2.9 -710.il 

3.1 
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6.2 
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2.6 -673.3* 

6.7 
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6.7 

5 
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3.5 

-93.1* 
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3.7 
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12 
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7.7 

19 

EASTER ISLAND ASTRO 1967 
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6.7 

IT 
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3.5 

-166.3* 

7.8 37.3* 

6.7 

20 
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8.7 

22 

INDIAN DATUM 

2 -165 .Oil 2.0 

-776.0* 

6.0 -752.0* 

9.0 

29 

IS LA SOCORO ASTRO 

2 -139.6* 

7.5 

-205.8* 

5.1 -503.6* 

8.7 

2* 

JOHNSTON ISLAND 1961 

1 -160.61 

3.5 

50.7* 

6.1 217.2* 

3.7 

26 

LUZON 19U (PHILIPPICS) 

9 169.6* 

5.9 

50.51 

5.6 106.0* 

6.2 

27 

MIDWAY ASTRO 1961 

1 -977.61 

7.5 

66.1* 

5.1 -278.51 

6.7 

26 

NEW ZEALANO 1969 

2 -61.6* 

5.5 

61.9* 

9.1 -191.7* 

7.7 

99 

OLO HA WAX IN 

5 -50.6* 

3.5 

796.0* 

6.1 165.7* 

3.7 

96 

PITCAIRN ISLAND ASTRO 

1 -167.1* 

5.5 

-168.6* 

9.1 -59.9* 

7.9 

99 

PROVISIONAL S. CHILE 1963 

2 0.9* 

7.5 

-196.0* 

9.1 -97.lt 

7.7 

62 

SOUTHEAST ISLAND IMAHEI 

9 50.0* 

3.1 

169. A* 

2.9 270.9* 

3.1 

63 

SOUTH GEORGIA ASTRO 

1 620.9* 

7.5 

-10L.O* 

6.8 790.3* 

5.7 

65 

TANANARIVE 

2 191.9* 

3.1 

253.5* 

3.1 122.2* 

3.1 

66 

TOKYO OATUM 

3 IPO. 2* 

5.5 

-506.6* 

9.1 -679.0* 

7.7 

6? 

TRISTAN ASTRO 1966 

1 653.71 

3.6 

-620.3* 

3.7 622.3* 

3.6 

69 

WAKE ISLAND ASTRO 1952 

5 -2*9.7* 

7.5 

66 . 5 ♦ 

6.6 -160.6* 

5.7 

51 

PALMER ASTRO 196« 

2 -206.0* 

6.3 

-16.5* 

6.6 -220.3* 

6.6 

52 

EEATE (NEW MfftRIlfS) 

1 139.5* 

7.5 

791 .5* 

6.8 -657.6* 

5.7 

53 

LE PO'JCl ASTRO 

1 765.1* 

7.5 

-155.6* 

6.6 5C6.6* 

5.7 

56 

DIEGO GARCIA ASTRO I960 

7 -165.6* 

6.6 

636.5* 

9.2 736.0* 

9.5 
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